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(57) ABSTRACT

A composition for use as a topical delivery system for an
active material 1s provided, the composition comprising a
plurality of skin cell removal particles and a plurality of
active material molecules, at least some of the skin cell
removal particles each carrying at least one active material
molecule, wherein carrying of an active material molecule
by a skin cell removal particle maintains activity of the
active material molecule. A topical delivery system for an
active material, and a method of topical delivery of an active
material are also provided.
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1
DELIVERY OF AN ACTIVE MATERIAL

RELATED APPLICATIONS

This application 1s a U.S. National Stage of International
Application Number PCT/GB2012/051842, filed Jul. 27,

2012, which claims the benefit of prionty to GB Application
Number 1112950.9, filed Jul. 27, 2011. The entire contents

of the foregoing are hereby incorporated herein by reference.

FIELD OF THE INVENTION

The mvention relates to a system and method for delivery
of an active material into skin.

BACKGROUND TO THE INVENTION

The skin of human and other animal bodies comprises the
epidermis and dermis. The epidermis 1s outermost and
comprises a number of layers or strata. The epidermis is
continually renewed, through production of cells 1 the
innermost stratum, which cells move outwards until the
outermost stratum of the epidermis, the stratum corneum, 1s
reached. During this process, the cells die, their contents are
substantially replaced by keratin, and their shape changes
from substantially spheroid to a more flattened shape. The
stratum corneum 1s therefore made up of dead cells. These
are provided in a number of layers, for example 10 to 150
layers. Cells 1in each layer, because of their tlattened shape,
can overlap with cells 1n adjacent layers forming a barrier for
the body which has low permeability. The barrier 1s 1mpor-
tant for protecting the body from loss of water and the
ingress of harmiul substances. The barrier, however, also
substantially impedes the penetration of beneficial materials
placed on the skin and therefore reduces the ability to deliver
the materials to deeper layers of the skin and other parts of
the body. On their own, beneficial materials often cannot
penetrate the barrier of the skin provided by the layers of the
stratum corneum quickly and efliciently enough to provide
suilicient therapeutic eflects.

Various techniques have been developed for mitigating
the low permeability of the stratum corneum barrier, to allow
therapeutic materials past the barrier using minimally inva-
sive technologies that can penetrate the skin’s outermost
layers without stimulating the nerves. Such techniques
include chemical diffusion enhancers, 1ontophoretic devices,
adhesives, microneedle arrays, and sonophoretic devices.
While many of these techniques can be eflective, their use
can be hampered by side effects and often also require
application by professional personnel.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there 1s
provided a composition for use as a topical delivery system
for an active material, the composition comprising a plural-
ity of skin cell removal particles and a plurality of active
material molecules, at least some of the skin cell removal
particles each carrying at least one active material molecule,
wherein carrying of an active material molecule by a skin
cell removal particle maintains activity of the active material
molecule.

In topical active material delivery systems, it 1s important
that the active material 1s able to get beyond the skin barrier
provided by the stratum corneum, and it 1s important that the
material 1s still active at this point 1n order for the material
to be taken up by the skin. It has been appreciated that these
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2

objectives can both be realised by using a composition
comprising skin cell removal particles carrying active mate-
rial molecules. The skin cell removal particles will allow the
thickness of the stratum corneum to be reduced, enabling the
active material molecules to overcome the skin barrier. The
skin cell removal particles also carry the active material
molecules maintaining their activity.

Compositions exist which comprise skin cell removal, or
exioliate, particles and active materials. However, 1n these
compositions the active materials are not carried by the
exioliate particles, the active materials and exioliate par-
ticles are merely mixed together. This means that the activity
ol the active materials will not be maintained, allowing them
to become 1nactive and unable to be taken up by skin. This
1s especially the case with biological active materials.

Carrying the at least one active material molecule may
comprise loading the active material molecule 1n a pore of
a porous skin cell removal particle. Loading the active
material molecule may comprise using an incubation
method or a lyophilisation method or any other conventional
loading method known in the art. The porous skin cell
removal particles may be comprised from any of porous
silicon, porous crystal, porous germanium, porous dia-
monds, porous gold, porous ceramic, porous boron. It will
be understood that the skin cell removal material 1s not
limited to those listed but may be any porous skin cell
removal material as 1s known 1n the art.

Carrying the at least one active material molecule may
comprise depositing the active material molecule within a
shell of a hollow skin cell removal particle.

Carrying the at least one active material molecule may
comprise fixing the active material molecule onto an exter-
nal surface of a skin cell removal particle. Fixing the active
material molecule may comprise adsorption of the active
material molecule onto the skin cell removal particle.

Carrying the at least one active material molecule may
comprise linking the active material molecule to a skin cell
removal particle. The active material molecule may be
directly linked to the skin cell removal particle. The active
material may be directly linked to the skin cell removal
particle by any of 1onic bonding, covalent bonding, H
bonding. The active material molecule may be linked to the
skin cell removal particle by a linkage material. The active
material molecule may be linked to the skin cell removal
particle by a linkage material by any of 1onic bonding,
covalent bonding, H bonding. The linkage material may
comprise any of fatty acids, amino acids, lipids. It will be
understood that the linkage material 1s not limited to those
listed but may be any such material as 1s known 1n the art.

Carrying the at least one active material molecule may
comprise a combination of loading the active material
molecule 1n a pore of a porous skin cell removal particle,
depositing the active material molecule within a shell of a
hollow skin cell removal particle, fixing the active material
molecule onto an external surface of a skin cell removal
particle, linking the active material molecule to a skin cell
removal particle.

Carrying the at least one active material molecule may
comprise carrying a delivery vehicle molecule which, 1n
turn, carries the active material molecule.

Carrying the at least one active material molecule may
comprise loading a delivery vehicle molecule carrying the
active material molecule 1n a pore of a porous skin cell
removal particle. Loading the delivery vehicle molecule
carrying the active material molecule may comprise using an
incubation method or a lyophilisation method or any other
conventional loading method known 1n the art. The porous
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skin cell removal particles may be comprised from any of
porous silicon, porous crystal, porous germanium, porous
diamonds, porous gold, porous ceramic, porous boron. It
will again be understood that the skin cell removal material
1s not limited to those listed but may be any porous skin cell
removal material as 1s known 1n the art.

Carrying the at least one active material molecule may
comprise depositing a delivery vehicle molecule carrying
the active material molecule within a shell of a hollow skin
cell removal particle.

Carrying the at least one active material molecule may
comprise fixing a delivery vehicle molecule carrying the
active material molecule onto an external surface of a skin
cell removal particle. Fixing the delivery vehicle molecule
carrying the active material molecule may comprise adsorp-
tion of the delivery vehicle molecule carrying the active
material molecule onto the skin cell removal particle.

Carrying the at least one active material molecule may
comprise linking a delivery vehicle molecule carrying the
active material molecule to a skin cell removal particle. The
delivery vehicle molecule carrying the active material mol-
ecule may be directly linked to the skin cell removal particle.
The delivery vehicle molecule carrying the active material
molecule may be linked to the skin cell removal particle by
a linkage material. The linkage material may comprise any
of fatty acids, amino acids, lipids. It will again be understood
that the linkage materal 1s not limited to those listed but may
be any such material as 1s known 1n the art.

Carrying the at least one active material molecule may
comprise any combination of loading a delivery vehicle
molecule carrying the active material molecule in a pore of
a porous skin cell removal particle, depositing a delivery
vehicle molecule carrying the active material molecule
within a shell of a hollow skin cell removal particle, fixing
a delivery vehicle molecule carrying the active matenial
molecule onto an external surface of a skin cell removal
particle, linking a delivery vehicle molecule carrying the
active material molecule to a skin cell removal particle.

The delivery vehicle may comprise a plurality of nano-
spheres. The nanospheres may have a melting point in the
range from about 20° C. to about 100° C., preferably from
about 30° C. to about 90° C. The delivery vehicle may
comprise any of lipid-based materials, polymer-based mate-
rials, liposomes, nmiosomes, polymers, dendrimers, emul-
s1ons, collagen, ceramides, cholesterol, cyclodextrin. It will
be understood that the delivery vehicle 1s not limited to those
listed but may be any such vehicle as 1s known 1n the art. The
delivery vehicle may be used to control release of the active
material molecule.

The amount of active material carried by the skin cell
removal particles may be 1n the range of about 0.1% to about
50%. The encapsulation efliciency of active material by the
skin cell removal particles may be 1n the range of about 60%
to about 99%.

Carrying of an active material molecule may maintain
activity thereof by any of maintaining stability of the active
material molecule, e.g. by protecting against degradation or
by reducing crystallization, maintaining or improving solu-
bility of the active material molecule, e¢.g. aqueous or oil
solubility, increasing partitioning of the active material
molecules.

The skin cell removal particles may comprise granules or
beads. The skin cell removal particles may be comprised
from 1norganic materials or organic materials. The skin cell
removal particles may comprise microparticles or nanopar-
ticles. The skin cell removal particles may have a size 1n the
range ol about 100 nm to about 1000 nm. The skin cell
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removal particles may have a superficial charge 1n the range
of about -50 mV to about +50 mV.

The skin cell removal particles may comprise abrasive
particles. The skin cell removal particles may comprise
chemical peeling particles.

Suitably, the skin cell removal particles content of the
composition 1s within the range of 0.01-50 wt %, preferably
within the range o1 0.01-10 wt %, more preferably within the
range ol 0.1-10 wt %, and most preferably within the range
of 0.1-5 wt %.

The active material may comprise a hydrophilic material
or a hydrophobic material. The active material molecules
may be large molecular weight molecules or small molecu-
lar weight molecules.

The active material may comprise any of vitamins, mois-
turizing agents, anti-UV agents, anti-inflammatory agents,
anti-oxidants, free radical scavengers, anti-seborrhoeic
agents, keratolytic agents, refreshing agents, melanoregula-
tors, liporegulators, anti-ageing agents, anti-bacterial agents,
vascular protectors, anti-fungal agents, skin conditioners,
immunomodulators, nutrients, essential oils, retinoids,
anaesthetics, vaccines, antigens, anti-bodies, alone or 1n
combination. It will be understood that the active material 1s
not limited to those listed but may be any such material as
1s known 1n the art.

The composition may comprise a plurality of skin cell
removal materials and a plurality of active materials, carried
as described above.

According to a second aspect of the invention there 1s
provided a topical delivery system for an active material
comprising a composition according to the first aspect of the
invention.

The topical delivery system may be formulated in a
formulation which 1s compatible with the composition. The
topical delivery system may further comprise a base. The
base may be a pharmaceutical base or a cosmetic base. The
base may comprise any of a liqud, paste, cream, emulsion,
lotion, gel, dispersion, stick, spray, foam, tincture, ointment,
polisher, scrub, application device, or the like. The topical
delivery system may further comprise a diluent such as any
of water, aqueous alcohol, glycol. The topical delivery
system may further comprise a material such as any of
emollient, moisturiser, emulsifier, neutraliser, colouring
agent, ultra violet absorber or filter, preservative, gelling
agent.

The topical delivery system may comprise a skin cell
removal particles content in the range of from about 1 to 30
wt %, for example from about 2 to 20 wt %, preferably from
about 3 to 15 wt %, based on the total weight of the delivery
system. The total content of skin cell removal particles 1s
dependent on the active material being delivered and the
application 1n which the delivery system 1s used. Accord-
ingly, the topical delivery system may be used 1n a dosing
regimen which 1s suitable for most pharmaceutical and
cosmetic utilities.

The topical delivery system may comprise a composition
comprising skin cell removal particles linked to a linkage
matenal linked to a delivery vehicle carrying active material
molecules. The topical delivery system may comprise on a
weilght basis: from about 1% to about 20% of the skin cell
removal particles, from about 1% to about 10% of the
linkage material, from about 1% to about 20% of the
delivery vehicle, from about 0.01% to about 20% of the
active material molecules and from about 50% to about 80%
additional material such as any of thickening agent, diluent,
paste, fragrance, solvent, water, preservative or a mixture
thereof.
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According to a third aspect of the invention there 1s
provided a method of topical delivery of an active material
comprising applying a delivery system for the active mate-
rial according to the second aspect of the invention to a
portion of skin, dissociation of skin cell removal particles
and active material molecules of the delivery system, work-
ing the delivery system against the portion of skin to remove
stratum corneum cells therefrom, thereby allowing dissoci-
ated active material molecules to reach sub corneum skin
layers.

The delivery system may be applied manually to the skin.
The delivery system may be applied to the skin using an

application device.

Dissociation of skin cell removal particles and active
material molecules may occur on the skin surface by parti-
tioming of the active material molecules between the skin
and the skin cell removal particles.

Working the delivery system against the skin may remove
substantially all layers of stratum corneum cells of the skin
portion providing a gap which allows the active material

molecules to reach sub corneum skin layers.

Working the delivery system against the skin may remove
some layers of stratum corneum cells of the skin portion
which allows the active material molecules to penetrate
through remaining layers of stratum corneum cells of the
skin portion to sub corneum skin layers. Working the deliv-
ery system against the skin to remove some layers of stratum
corneum cells of the skin portion may decrease the packing
density of the remaining layers of stratum corneum cells
enabling pores of the skin to increase in diameter and
allowing the active material molecules to penetrate through
the remaining layers of stratum corneum cells by transport

thereol through the pores. Working the delivery system
against the skin to remove some layers of stratum corneum

cells of the skin portion may decrease the packing density of
the remaining layers of stratum corneum cells causing
spacing of the cells and allowing the active material mol-
ecules to penetrate through the remaining layers of stratum
corneum cells by penetration between the cells.

Allowing the active material molecules to reach sub
corneum skin layers may enable uptake of the active mate-
rial 1n the epidermis of the skin. Allowing the active material
molecules to reach sub corneum skin layers may enable the
active material molecules to travel to the dermis and uptake
of the active material in the dermis of the skin. Thus an
active material delivery system 1s provided for the skin.

Allowing the active material molecules to reach sub
corneum skin layers may enable the active material mol-
ecules to difluse through the epidermis into the dermis and
uptake of the active material in blood vessels and lymphatics
of the dermis for delivery of the active material throughout
the body. Thus a transdermal active maternal delivery system
1s provided for the body.

Using the delivery system and method described above,
the active matenal 1s able to penetrate to deeper layers of the
skin without requiring any chemical or other aggressive skin
permeation enhancers. The delivery system and method of
the mvention offer an enhanced active material delivery
system, 1n terms of enhanced ethiciency and eflicacy of the
active material, for skin care, cosmetic and therapeutic
applications, and opens new opportunities for the develop-
ment of novel improved therapies.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiments of the invention will now be described by
way ol example only, with reference to the accompanying,
drawings, in which:
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FIG. 1 1s a schematic representation of manufacture of a
first embodiment of a composition according to the first
aspect of the mvention;

FIG. 2 1s a schematic representation of manufacture of a
second embodiment of a composition according to the first
aspect of the mvention, and

FIG. 3 1s a schematic representation of use of the com-
position of FIG. 1 1n a topical delivery system according to
the second aspect of the invention.

Referring to FIG. 1, manufacture of a composition com-
prising porous silicon skin cell removal particles and vita-
min A active material molecules 1s shown. A silicon waler
(having a silicon dioxide outer shell) 1s cleaned by the
standard known process of soaking the wailer 1n a solution of
HF (28%) and ethanol m a ratio of 3:1 for 10 min. This
removes the silicon dioxide outer shell and forms a hydro-
gen-terminated porous silicon film. The film 1s fractured into
multi-sized hydrogen-terminated porous silicon particles by
sonicating 1n deionised water overnight. The porous silicon
particles are filtered using a 0.45 um filtration membrane
(Millipore). A 500 ul solution of porous silicon particles 1n
deionised water 1s added to 500 ul of 0.1 mg/ml of vitamin
A 1n PBS (pH 9) and incubated overnight at 37° C. (pH 7.0).
Each porous silicon particle comprises a plurality of pores
and molecules of vitamin A are loaded into one or more of
the pores, to form a composition of porous silicon skin cell
removal particles which each carry a plurality of vitamin A
active material molecules. The surface morphology and
roughness of the porous silicon skin cell removal particles
and vitamin A active material molecules were characterized
by atomic force microscopy.

Referring to FIG. 2, manufacture of a composition com-
prising silicon skin cell removal particles and emulsion
delivery vehicle molecules carrying active material mol-
ecules 1s shown. Approximately 25 mg of silicon particles 1s
placed 1n a 100 ml beaker and immersed 1 10 ml of 10%
NaOH, 5 ml of glycerol and neutralised with HCI conc until
the pH reaches approximately 7.4 to form silicon particles
with surface bound hydroxide groups. The particles are then
rinsed with hexane and ethanol to remove excess acid. The
emulsion delivery vehicle 1s composed of 15% (w/w) snake
01l, soybean lecithin at a concentration of 7.5% (w/w) and an
aqueous glycerol solution with a glycerol concentration of
715% (w/w). Soybean lecithin 1s dissolved into the snake o1l
at 50° C. The o1l phase 1s then stirred 1n the aqueous glycerol
solution at 350 rpm and 30° C. for about 10 min. The
mixture 1s emulsified using a stirrer at 1200 rpm for 2 min.
Subsequently, active material molecules of vitamin A are
added to the delivery vehicle mixture and homogenised,
allowing emulsion delivery vehicle molecules to carry vita-
min A active material molecules. (Samples may be stored at
25° C. for later use.) Approximately 4 mg of the silicon
particles with surface bound hydroxide groups are then
suspended 1 500 ml of ethanol. Next, the vehicle delivery
emulsion carrying the vitamin A active material molecules
and 25 ul of a 10 mg/ml solution of EDAC (commercial
grade, Sigma-Aldrich Chemicals) are added. The solution 1s
then agitated for 2 hours at room temperature, allowing
surface linkage of the delivery vehicle emulsion to the
silicon skin cell removal particles to form a composition of
silicon skin cell removal particles which each carry a
plurality of delivery vehicle emulsion molecules carrying
vitamin A active material molecules. The resultant compo-
sition 1s rinsed thoroughly with PBS. It will be appreciated
that the silicon skin cell removal particles may be porous,
and the delivery vehicle emulsion molecules carrying the
vitamin A active material molecules may also be carried by
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the silicon skin cell removal particles by deposition of the
delivery vehicle emulsion molecules and vitamin A active
material molecules 1n pores of the porous silicon skin cell
removal particles.

8

etrate through the remaining layers of stratum corneum cells
by penetration between the cells.

Referring to Table 1, an investigation of recovery of
active material molecules from various compositions will be
discussed. The active material molecules are carried by a

FIG. 3 1s a schematic representation of use of the com- > . . . . e/
.. . . . . plurality of skin cell removal particles, which maintains the
position of FIG. 1 1n a topical delivery system. The topical 1 : : ,
dol; -t 1 £ b . 4ab stability of the active material molecules, the greater the
Helvery systepl 15 JOHIEA rom the cpmposﬂmn ALl @ DAse, amount of the active material molecules recovered from a
in this emﬁbodlment‘a lotion. The delivery system 1s'apphed composition, the greater the stability of the molecules. The
to a portion of skin, as shown, and worked against the 0 active material molecules comprise Vitamin A, and the skin
portion of skin. This allows edges of the porous silicon skin cell removal particles comprise silicon particles (Si—P)
cell removal particles of the composition to remove layers of (which may be nanoparticles and/or micron-sized particles),
stratum corneum cells from the portion of the skin. The particles of ABRASIL®, and a combination of silicon
silicon skin cell removal particles and the vitamin A active p'a%‘tlcles and thlClB% of ABRASIL®. The various conpo-
material molecules of the composition also dissociate. As . sitions further comprise either a cream or a solution.
. . : The results of the mvestigation were compared to results
some layers of the stratum corneum cells of the skin portion . .
. L. . . of recovery of the active material molecules from compo-
are removed, this allows the vitamin A active material o : - : :
loculos 1 (rate thronoh o] £ ctpat sitions which do not comprise skin cell removal particles.
MOICCLIES 10 PENCLAlE TTOUSH EMAlllilg faycts Ol SHrditm Two compositions, F and K, were prepared comprising F
corneum cells of the skin pO}‘thn to sub corneum skin layers,, (cream, 0.05% vitamin A) and K (solution, 0.05% vitamin
as shown. Working the delivery system against the skin 10 20 A). Referring to Table 1, it can be seen that vitamin A, either
TEIOVE SOme layers of stratum: corneum cells of the. s%qn in solution or when formulated in cream, has low stability.
portion decreases the packing density of the remaining The starting value of 82.8% recovery in F (cream, vit A) is
layers of stratum corneum cells enabling pores of the skin to reduced to 64.55% after 48 h at room temperature (RT),
increase 1n diameter and allowing the active material mol- 20-24° C. The starting value of nominal 100% of vitamin A
ecules to penetrate through the remaining layers of stratum 25 in K (solution, vit A) is reduced to 66.97% after 48 h at RT.
corneum cells by transport thereof through the pores. Vitamin A 1n F (cream, vit A) and in K (solution, vit A) show
Decreasing the packing density of the remaining layers of similar stability at the 48 h test point, with a recovery value
stratum corneum cells also causes spacing of the cells, of 64.55% for F (cream, vit A) compared to 66.97% for K
allowing the vitamin A active material molecules to pen- (solution, vit A).
TABLE 1
Vitamimn A recovered
Time (hour)
Sam- Meth- 0
ples ods mg % mg % mg % mg %
A D NA NA 0.08 3.25 0.22 9.06 0.40 16.0
cream E 2.08 834 2.05 79.2 1.91 76.6 1.76 70.6
vit A Total 83.4 82.5 8.7 86.6
S1—P %o
ABRASIL ®
C D NA NA 0.09 3.4% 0.21 8.6 0.3% 15.5
cream E 2.04  K1.9 2.04 79.0 1.86 74.6 1.72 0%.%8
vit A Total 81.9 82.5 83.2 84.3
S1—P %o
D D NA NA 0.03 1.39 0.08 3.48 0.21 8.6
cream E 2.08 83.2 2.09 8O.7 1.99 79.%8 1.87 75.1
vit A Total 83.2 82.1 83.2 83.7
ABRASIL ® %o
F D NA NA 0.03 1.16 0.05 2.09 0.12 4.88
cream E 2.07  82.8 2.04 79.0 1.93 77.5 1.83 73.3
vit A Total 82.8 80.2 79.6 78.1
%o
Control solutions
G D NA 0.09 2.32 0.27 10.%8 0.39 15.6
solution E NA NA NA NA
vit A Total 2.08 83.37 1.98 79.5 2.00 80.2
Si—P %o
ABRASIL ®
H D NA 0.02 0.69 0.2 8.37 0.31 12.5
solution E NA NA NA NA
vit A Total 2.05 82.32 1.96 78.4 1.9% 79.5

ABRASIL ®

%
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TABLE 1-continued
Vitamin A recovered
Time (hour)

] D NA 0.09 2.55 0.25 10.1 0.44 17.7
solution E NA NA NA NA
vit A Total 2.07 83.02 2.05 82.3 2.06 82.6
Si—P %
K D NA 0.009 0.23 0.06 2.44 0.07 3.13
solution E NA NA NA NA
vit A Total 2.06 R2.67 2.040 81.6 2.005 R0.2

%
Sam- Meth- 14 24 48
ples ods mg % mg % mg %
A D 0.88 35.3 1.24 49.7 1.49 59.77
cream E 1.25 50.23 0.88 35.3 0.62 25.11
vit A Total 85.53 85.0 84,88
Si—P %
ABRASIL ®
C D 0.83 33.2 1.25 50.2 1.43 57.2
cream E 1.20 48.37 0.73 29.3 0.54 21.76
vit A Total 81.57 79.5 78.96
Si—P %
D D 0.34 13.95 0.52 20.9 0.58 23.25
cream E 1.72 68.83 1.53 61.3 1.39 55.R81
vit A Total 82.78 82.3 79.06
ABRASIL ® %
F D 0.20 8.13 0.35 14.1 0.30 12.09
cream E 1.69 67.72 1.49 59.7 1.31 52.46
vit A Total 75.85 73.9 64.55

%

Control solutions

G D 0.87 34 .8 1.05 42.2 1.09 43.6
solution E NA NA NA
vit A Total 2.06 82.6 2.04 81.6 1.91 76.74
Si—P %
ABRASIL ®
H D 0.78 31.3 0.95 38.3 0.69 27.9
solution E NA NA NA
vit A Total 1.94 77,7 1.91 76.7 1.87 75
ABRASIL ® %
] D 0.82 33.1 0.99 39.7 1.05 42 .2
solution E NA NA NA
vit A Total 2.04 1.6 1.98% 79.5 1.93 77.44
Si—P %
K D 0.08 3.48 0.10 4.18 0.09 3.83
solution E NA NA NA
vit A Total 1.94 777 1.91 76.7 1.67 66.97

%
D: dialysis,

E: extraction

Two compositions, C and J, were prepared comprising C
(cream, 0.05% vitamin A, 0.1% S1—P) and J (solution,

0.05% vitamin A, 0.1% S1—P). At least some of the silicon
particles are porous and at least some of the silicon particles
are non porous. Vitamin A molecules are carried by the
silicon particles by both loading of vitamin A molecules 1n
pores of the silicon particles and by fixing of vitamin A
molecules to an external surface of the silicon particles.

Referring to Table 1, it can be seen that carrying of vitamin

A molecules by silicon particles results in increased stability
of the vitamin A both mm C (cream, vit A, S1—P), 78.96%
vitamin A recovery after 48 h at RT compared to 64.55%

55

60

65

vitamin A recovery for F (cream, vit A), and in J (solution,
vit A, S1—P), 77.44% recovery after 48 h at RT compared
to 66.97% recovery for K (solution, vit A). Formulating
vitamin A-loaded silicon particles in a cream, shows com-
parable stability to vitamin A-loaded silicon particles in
solution, 78.96% vitamin A recovery from C (cream, vit A,
S1—P) after 48 h at RT, and 77.44% recovery of vitamin A
from J (solution, vit A, S1—P) after 48 h at RT. Loading of
vitamin A in pores of silicon particles results 1n significantly
larger quantities of vitamin A being released 1n the dialysis

medium, 42.2% release of vitamin A-loaded silicon particles
for J (solution, vit A, S1—P) after 48 h at RT compared to
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3.83% release of vitamin A for K (solution, vit A) after 48
h at RT. Loading of vitamin A in silicon particles has
changed the properties of the vitamin A and enhanced
diffusion of this highly hydrophobic active material through
cellulose acetate dialysis membrane, 57.2% release of vita-
min A-loaded silicon particles for C (cream, vit A, S1—P) at
48 h compared to 12.09% release of vitamin A for F (cream,
vit A) at 48 h. The results of total recovery of vitamin A in
Table 1 for C (cream, vit A, Si—P) and J (solution, vit A,
S1—P) clearly demonstrate that using silicon particle skin
cell removal particles to carry vitamin A active material
molecules improves the stability, and hence the activity, of
the vitamin A active material molecules.

Two compositions, D and H, were prepared comprising D
(cream, 0.05% vitamin A, 1% ABRASIL®) and H (solution,
0.05% vitamin A, 1% ABRASIL®). ABRASIL® provides
skin cell removal particles and partly comprises porous clay
and partly comprises silicon. Vitamin A active material
molecules are carried by the ABRASIL® by both loading of
vitamin A molecules 1n pores of the ABRASIL® porous
clay, using a standard method such as dehydration-rehydra-
tion or a homogenizer method, and by linking of vitamin A
molecules to ABRASIL® particles, by charge-charge inter-
action. Referring to Table 1, 1t can be seen that carrying of
vitamin A active material molecules by ABRASIL® skin
cell removal particles results 1n increased stability of the
vitamin A both in H (solution, vit A, ABRASIL®), 75%
vitamin A recovery after 48 h at RT compared to 66.97%
vitamin A recovery for K (solution, vit A), and 1n D (cream,
vit A, ABRASIL®), 79.06% vitamin A recovery aiter 48 h
at RT compared to 64.55% vitamin A recovery for F (cream,

vit A). The results of recovery of vitamin A in Table 1 for D
(cream, vit A, ABRASIL®) and H (solution, vit A, ABRA-

SIL®) clearly demonstrate that using ABRASIL® skin cell
removal particles to carry vitamin A active material mol-
ecules improves the stability, and hence the activity, of the
vitamin A active material molecules.

Two further compositions, A and G, were prepared com-
prising A (cream, 0.05% vitamin A, 0.1% S1—P, 1% ABRA.-
SIL®) and G (solution, 0.05% vitamin A, 0.1% S1—P, 1%
ABRASIL®). At least some of the silicon particles are
porous and at least some of the silicon particles are non
porous. Vitamin A molecules are carried by the silicon
particles by both loading of vitamin A molecules in pores of
the silicon particles and by fixing of vitamin A molecules to
an external surface of the silicon particles. Vitamin A active
material molecules are also carried by the ABRASIL®
particles by both loading of vitamin A molecules 1n pores of
the ABRASIL® porous clay and by linking of vitamin A
molecules to ABRASIL® particles. Referring to Table 1, it
can be seen that combining carrying of vitamin A active
material molecules by silicon particles and ABRASIL®
particles gives the best results 1n total recovery (and there-
fore stability and activity) of vitamin A from the cream
formulations, see vitamin A recovery of 84.88% at 48 h from
A (cream, vit A, Si—P, ABRASIL®). However, inclusion of
ABRASIL® in cream formulation containing vitamin A
loaded silicon particles has no significant effect on the rate
or extent of vitamin A release or recovery, and hence
stability, 1n the first 48 h of testing. Loading of vitamin A 1n
pores of silicon particles resulted in significantly larger
quantities ol vitamin A being released 1 the dialysis
medium. Addition of ABRASIL® to vitamin A-loaded sili-
con particles has no significant effect on this release rate of
vitamin A, with a value of 43.6% release of vitamin A from
G (solution, vit A, S1—P, ABRASIL®) at 48 h compared to
42.2% release of vitamin A from J (solution, vit A, S1—P)
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at 48 h. Carrying of vitamin A by silicon particles changed
the properties of vitamin A and enhanced diffusion of this
highly hydrophobic active material through cellulose acetate
dialysis membrane. Addition of ABRASIL® does not dem-
onstrate an additional enhancing eflect, 59.77% vitamin A
release at 48 h for A (cream, vit A, S1—P, ABRASIL®)
compared to 57.2% vitamin A release for C (cream, vit A,
S1P) at 48 h.

It will be understood by those skilled in the art that
various modifications may be made 1n the present invention
without departing from the spirit and scope thereof, as
described 1n the specification and defined in the appended
claims.

The mvention claimed 1s:

1. A composition comprising a plurality of skin cell
removal particles and a plurality of active material mol-
ecules,

wherein the skin removal particles comprise at least one

clemental silicon particle,

wherein the elemental silicon particle has a jagged outer

surface,
wherein at least some of the skin cell removal particles
cach carry at least one active material molecule, and

wherein carrying of at least one active material molecule
by a skin cell removal particle stabilizes an activity of
the at least one active material molecule.

2. The composition of claim 1, wherein at least some of
the skin cell removal particles comprise one or more pores,
wherein at least one active material molecule 1s disposed in
at least some of the pores.

3. The composition of claim 1, wherein at least some of
the skin cell removal particles comprise a hollow shell,
wherein at least one active material molecule 1s disposed in
at least some of the hollow shells.

4. The composition of claim 1, wherein the at least one
active material molecule 1s detachably fixed onto an external
surface of a skin cell removal particle.

5. The composition of claim 1, wherein the at least one
active material molecule 1s detachably linked to a skin cell
removal particle.

6. The composition of claim 1, wherein the at least one
active material molecule 1s carried by a delivery vehicle
molecule, and wherein at least one delivery vehicle molecule
1s carried by a skin cell removal particle.

7. The composition of claam 6, wherein the delivery
vehicle 1s one or more delivery vehicles selected from the
group consisting of lipid-based materials, polymer-based
materials, liposomes, niosomes, polymers, dendrimers,
emulsions, collagen, ceramides, cholesterol and cyclodex-
trin.

8. The composition of claim 1, wherein the carrying of at
least one active material molecule by a skin cell removal
particle maintains one or more activities of the active
material molecule selected from the group consisting of
maintaining stability of the active material molecule, main-
taining solubility of the active material molecule, improving
solubility of the active material molecule, and increasing
partitioning of the active material molecules.

9. The composition of claim 1, wherein the active material
molecule 1s one or more molecules selected from the group
consisting of vitamins, moisturizing agents, anti-UV agents,
anti-inflammatory agents, anti-oxidants, free radical scav-
engers, anti-seborrhoeic agents, keratolytic agents, refresh-
ing agents, melanoregulators, liporegulators, anti-ageing
agents, anti-bacterial agents, vascular protectors, anti-fungal
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agents, skin conditioners, immunomodulators, nutrients,
essential oils, retinoids, anaesthetics, vaccines, antigens and
anti-bodies.
10. A topical delivery system for an active material
comprising a composition according to claim 1.
11. A method for topical delivery of an active material
comprising
applying a composition to a portion of skin, wherein the
composition comprises a plurality of skin cell removal
particles and a plurality of active material molecules,
wherein at least some of the skin cell removal particles
cach carry at least one active material molecule,
wherein carrying of at least one active material mol-
ecule by a skin cell removal particle maintains
activity of the at least one active material molecule;
working the composition against the portion of skin to
remove stratum corneum cells;
dissociating the active material molecules from the skin
cell removal particles; and
delivering the active material molecules to sub-cor-
neum skin layers.
12. The method of claim 11, wherein working the com-
position against the skin removes substantially all stratum

corneum cells of the skin portion providing a gap which
allows the active material molecules to reach sub-corneum
skin layers.

13. The method of claim 11, wherein working the com-
position against the skin removes some layers of stratum
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corneum cells of the skin portion which allows the active
material molecules to penetrate through remaining layers of
stratum corneum cells of skin portion to sub-corneum skin
layers.

14. The method of claim 11, wherein working the com-
position against the skin to remove some layers of stratum
corncum cells of the skin portion decreases the packing
density of the remaining layers of stratum corneum cells
enabling pores of the skin to increase in diameter and
allowing the active material molecules to penetrate through
the remaining layers of stratum corneum cells by transport
thereof through the pores.

15. The method of claim 11, wherein working the com-
position against the skin to remove some layers of stratum
corneum cells of the skin portion decreases the packing
density of the remaining layers of stratum corneum cells
causing spacing of the cells and allowing the active material
molecules to penetrate through the remaining layers of
stratum corneum cells by penetration between the cells.

16. The composition of claim 1, wherein the skin cell
removal particles further comprises one or more particles
selected from the group consisting of porous silicon, porous
crystal, porous germanium, porous diamond, porous gold,
porous ceramic, and porous boron.

17. The composition of claim 1, wherein the skin cell
removal particles comprise about 0.01 to 50 wt % of the
composition.
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